DESCRIPTION 

RADIO COMMUNICATION SYSTEM, MOBILE TERMINAL UNIT 

THEREOF, 

5 AND AZIMUTH DETERMINING METHOD 

TECHNICAL FIELD 

The present invention relates to a radio communication system 
for specifying a predetermined reference azimuth and then obtaining 
10 azimuth information on the basis of the specified reference azimuth, 

and more particularly to a ratio communication system suitably used for 
an ad hoc network. 

PRIOR ART 

15 In a radio communication system including a plurality of mobile 

units, azimuth information to specify a moving direction or a 
transmitting direction of radio waves is provided to the mobile units 
which freely move in a service area. The azimuth information can be 
used to select a path to a target place together with positional 

20 information. The azimuth information is used so that various systems 
may coexist. In other words, since the transmitting direction of radio 
waves is controlled on the basis of the azimuth information, 
interference with other systems can be reduced, so that a plurality of 
systems can coexist easily. 

2 5 As a technique for providing the foregoing azimuth information, 

GPS (Global Positioning System) has been known. In the GSP, each 
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mobile station receives a signal from a satellite using a GPS receiver 
to measure its own position or time. The mobile station can obtain 
azimuth information from the result of measurement. 

The mobile station can obtain azimuth information using a gyro. 
5 On the other hand, a fixed station can obtain azimuth information so 
long as a direction is set when the fixed station is installed. 

In a conventional method for obtaining azimuth information as 
mentioned above, the mobile station needs to have the GPS receiver 
or the gyro. Accordingly, there are disadvantages in that the size of a 
10 unit is large and a manufacturing cost also increases. 

DISCLOSURE OF THE INVENTION 

The present invention is made in consideration of the above 
actual situation. It is an object of the present invention to provide a 
15 mobile terminal unit serving as a mobile station unit which can obtain 
azimuth information with a simple constitution, a radio communication 
system having the mobile station unit, and an azimuth determining 
method. 

According to the present invention, there is provided a radio 
20 communication system comprising a reference station which transmits 
an azimuth designation signal having directivity toward a previously set 
reference azimuth, and a plurality of terminal stations, wherein a target 
terminal station, included in the plurality of terminal stations, comprises 
receiving means which receives the azimuth designation signal 
25 transmitted from the reference station, arrival direction obtaining 
means which obtains an arrival direction of the received signal, 



azimuth designation signal generating means which generates an 
azimuth designation signal having directivity in the direction opposite to 
the arrival direction of the azimuth designation signal, and transmitting 
means which transmits the azimuth designation signal generated by 
the azimuth designation signal generating means. 

According to this construction, since the reference station 
included in the radio communication system transmits the azimuth 
designation signal toward the reference azimuth, the arrival direction of 
the azimuth designation signal transmitted toward the reference 
azimuth is obtained to specify the reference azimuth, so that azimuth 
information can be obtained. Consequently, the radio communication 
system can be constructed without providing a GPS receiver or the like 
for the terminal station. 

According to the present invention, in the radio communication 
system, the receiving means is constructed so as to receive the 
azimuth designation signals transmitted from the reference station and 
another terminal station. 

According to this construction, the reference station and the 
terminal stations transmit the azimuth designation signals, thereby 
constructing an independently distributed system. As mentioned above, 
since the terminal station transmits the azimuth designation signal, the 
terminal station can specify the reference azimuth accurately. 

According to the present invention, in the radio communication 
system, the target terminal station comprises reference azimuth 
specifying means which detects a direction of the directivity of the 
azimuth designation signal generated by the azimuth designation 



signal generating means as a reference azimuth. 

According to this construction, the reference station and the 
terminal stations, included in the radio communication system, transmit 
the azimuth designation signals toward the reference azimuth. 
Accordingly, the arrival directions of the azimuth designation signals 
transmitted toward the reference azimuth are obtained to specify the 
reference azimuth, so that azimuth information can be obtained. 
Consequently, the azimuth information can be obtained without 
providing a GPS receiver or the like. The construction of a unit serving 
as the terminal station can be miniaturized and a manufacturing cost of 
the unit can be reduced. 

According to the present invention, in the radio communication 
system, the reference azimuth is set in the longitudinal direction of a 
service area of the radio communication system. 

According to the present invention, in the radio communication 
system, the reference station is installed along a road and the 
reference azimuth is set in a direction along the road. 

According to the constructions, the reference azimuth is 
appropriately set in accordance with the form of the service area. 
Accordingly, the number of azimuth designation signals to be received 
by the terminal station included in the system can be larger than that of 
a case where the reference azimuth is set in another direction. 
Therefore, the reference azimuth can be detected accurately. 

According to the present invention, the radio communication 
system further comprises means which detects a reference plane to be 
referred when a communicating direction is determined. 
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According to this construction, a transmitting direction of the 
azimuth designation signal can be determined in consideration of a 
transmitting direction on the reference plane. Consequently, correct 
azimuth information can be obtained. 
5 According to the present invention, in the radio communication 

system, each of the reference station and the plurality of terminal 
stations adds priority information to the azimuth designation signal and 
then transmits the resultant signal, and the azimuth designation signal 
generating means weights the plurality of received azimuth designation 

10 signals in accordance with the priority information to generate the 
azimuth designation signal. 

According to this construction, the arrival directions are weighted 
in accordance with the priorities of the azimuth designation signals to 
determine the arrival direction of the azimuth designation signal, so 

15 that the arrival direction can be determined accurately. Consequently, 
since the reference azimuth can be detected accurately, the accuracy 
of the obtained azimuth designation also increases. 

According to the present invention, the radio communication 
system further comprises priority adding means which adds priority to 

20 the azimuth designation signal, the priority decreasing each time 
transmission is performed. 

According to the construction, since the priority is decreased 
each time the azimuth designation signal is transmitted, a deviation in 
the transmitting direction from the reference azimuth can be reduced, 

25 the deviation being caused by repeating the transmission of the 
azimuth designation signal. 
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According to the present invention, in the radio communication 
system, the target terminal station comprises averaging means which 
averages the arrival directions obtained by the arrival direction 
obtaining means, and the azimuth designation signal generating means 
5 generates an azimuth designation signal having directivity in the 
direction opposite to the averaged arrival direction. 

According to the construction, since the transmitting direction is 
determined on the basis of the average of the arrival directions, the 
arrival direction can be obtained accurately. Therefore, the terminal 
10 station can accurately detect azimuth information and can also 

correctly transmit radio waves carrying the azimuth designation signal 
toward the reference azimuth. Consequently, the accuracy at which 
the azimuth is detected increases in the whole system. 

According to the present invention, in the radio communication 
15 system, the terminal station comprises means which extracts an 
electric power from the azimuth designation signal. 

According to the construction, the electric power can be 
transmitted to the terminal station using the azimuth designation signal. 
According to the present invention, in the radio communication 
20 system, the terminal station comprises means which extracts an 

electric power from the azimuth designation signal. According to the 
present invention, in the radio communication system, the terminal 
station comprises means which superimposes an electric power on the 
azimuth designation signal. 
25 According to the constructions, the electric power can be 

transmitted to the terminal station using the azimuth designation signal. 
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Consequently, continuous available time derived by charging once 
extends, so that the system becomes more convenient to the user. 

According to the present invention, the radio communication 
system comprises a charging management unit comprising a 
5 management table which holds communicating situations of the 

plurality of terminal stations, and a charge determining section which 
determines a charge for each terminal station with reference to the 
management table in accordance with the communicating situation of 
the corresponding terminal station. 

10 According to the construction, since the charge can be 

determined in accordance with the communication situation of each 
terminal station, the system can be operated efficiently. For example, 
the terminal station which transmits the azimuth designation signal is 
released from a charge. Releasing from the charge as mentioned 

15 above results in an incentive to transmit the azimuth designation signal 
for the terminal station. Consequently, since many transmission 
sources of the azimuth designation signals can be held in the system, 
azimuth information can be obtained using the azimuth designation 
signal in a wide range of the service area of the system. 

20 According to the present invention, there is provided an azimuth 

determining method for determining an azimuth in a terminal station, 
comprising the steps of: in a reference station, transmitting an azimuth 
designation signal so as to form directivity toward a previously set 
reference azimuth; and in the terminal station, receiving the azimuth 

25 designation signal in the terminal station, obtaining an arrival direction 
of the azimuth designation signal, generating an azimuth designation 
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signal having directivity in the direction opposite to the obtained arrival 
direction, transmitting the generated azimuth designation signal, 
specifying a reference azimuth on the basis of the arrival directions of 
the azimuth designation signals transmitted from the reference station 
5 and the terminal station, and determining an azimuth on the basis of 
the specified reference azimuth. 

According to the method, since the reference station and the 
terminal station, included in the radio communication system, transmit 
the azimuth designation signals toward the reference azimuth, the 

10 arrival directions of the azimuth designation signals transmitted toward 
the reference azimuth are obtained to specify the reference azimuth, 
so that azimuth information can be obtained. Consequently, since the 
azimuth information can be obtained without providing a GPS receiver 
or the like, the construction of a unit serving as the terminal station can 

is be miniaturized and a manufacturing cost of the unit can be reduced. 

According to the present invention, there is provided a mobile 
terminal unit comprising: receiving means which receives an azimuth 
designation signal, which is transmitted from a reference station so as 
to form directivity in a previously set reference azimuth; arrival 

20 direction obtaining means which obtains an arrival direction of the 
received signal; azimuth designation signal generating means which 
generates an azimuth designation signal having directivity in the 
direction opposite to the arrival direction of the azimuth designation 
signal; reference azimuth specifying means which detects the direction 

2 5 of the directivity of the azimuth designation signal generated by the 
azimuth designation signal generating means as a reference azimuth; 
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and transmitting means which transmits the azimuth designation signal 
generated by the azimuth designation signal generating means. 

The receiving means receives an azimuth designation signal 
transmitted from another mobile communication terminal unit, and the 
5 arrival direction obtaining means obtains an arrival direction of the 
azimuth designation signal transmitted from the other mobile terminal 
unit. 

According to the construction, the arrival direction of the azimuth 
designation signal transmitted toward the reference azimuth is 
10 obtained to specify the reference azimuth, so that azimuth information 
can be obtained. Consequently, since the azimuth information can be 
obtained without providing a GPS receiver or the like, the construction 
of the unit can be miniaturized and a manufacturing cost of the unit can 
be reduced. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a block diagram showing a constitution of a reference 
station according to a first embodiment of the present invention; 

FIG. 1B is a block diagram showing an example of a constitution 
20 of a transmitting section in FIGS. 1 and 2; 

FIG. 2 is a block diagram showing a constitution of a terminal 
station according to the first embodiment of the present invention; 

FIG. 3 is a diagram schematically showing a radio 
communication system according to the first embodiment of the present 
25 invention; 

FIG. 4 is a diagram showing an outline of the radio 



communication system according to the first embodiment of the present 
invention; 

FIG. 5 is a block diagram showing a constitution of a terminal 
station according to a second embodiment of the present invention; 

FIG. 6 is a diagram explaining a transmitting direction of 
transmission waves in the second embodiment of the present 
invention; 

FIG. 7 is a block diagram showing a constitution of a terminal 
station according to a third embodiment of the present invention; 

FIG. 8 is a block diagram showing a constitution of a terminal 
station according to a fourth embodiment of the present invention; 

FIG. 9 is a diagram explaining an arrival direction determined in 
consideration of priority; 

FIG. 10 is a block diagram showing a constitution of a terminal 
station according to a fifth embodiment of the present invention; 

FIG. 11 is a diagram explaining a schematic constitution of an ad 
hoc network according to an eighth embodiment of the present 
invention; 

FIG. 12 is a diagram explaining an azimuth information obtaining 
procedure; 

FIG. 13 is a block diagram showing a constitution of a terminal 
station according to a ninth embodiment of the present invention; 

FIG. 14 is a diagram showing a schematic constitution of a 
charging system according to a tenth embodiment of the present 
invention; 

FIG. 15 is a diagram showing an example of a constitution of a 



management table; 

FIG. 16 is a diagram showing an example of the constitution of 
the management table; 

FIG. 17 is a diagram showing an example of setting of a 
reference azimuth; and 

FIG. 18 is a block diagram showing the constitution of the 
terminal station according to the fifth embodiment of the present 
invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

According to the main point of the present invention, a terminal 
station in a system receives radio waves radiated from a reference 
station or another terminal station in an azimuth previously set by the 
system and then obtains azimuth information. The terminal station 
radiates radio waves in the direction opposite to an arrival direction of 
the received waves and then obtains an azimuth in the system to 
determine the azimuths of the respective terminals. 

Embodiments of the present invention will now be described in 
detail with reference to the accompanying drawings. 
(First Embodiment) 

According to the present embodiment, a radio communication 
system comprises a plurality of reference stations each of which 
radiates radio waves in a reference azimuth previously set by the 
system, and terminal stations each of which receives the radio waves 
from the reference station or another terminal station and then radiates 
radio waves in the direction opposite to the receiving direction. The 



reference station and the terminal station will now be described 
hereinbelow. 

First, the reference station will be described with reference to 
FIGS. 1A and 1B. FIG. 1A is a block diagram showing a constitution of 
the reference station according to the first embodiment of the present 
invention. FIG. 1 B is a block diagram showing an example of a 
constitution of a transmitting section in FIG. 1 A. Generally, the 
reference station is installed fixedly. A local information holding 
section 101 holds positional information regarding a position at which 
the corresponding reference station is installed, information regarding 
a horizontal plane, and information regarding the reference azimuth 
previously set by the system according to the present embodiment. 

An azimuth designation signal generating section 102 forms 
directivity of a transmission signal toward the reference azimuth with 
reference to the information held by the local information holding 
section 101. The directivity is formed using, for example, an adaptive 
array antenna (hereinbelow, referred to as an "AAA"). In other words, 
the azimuth designation signal generating section 102 multiplies the 
transmission signal by a weight calculated using a fit algorithm such as 
LMS algorithm or RLS algorithm, thereby generating an azimuth 
designation signal to radiate radio waves having the directivity in the 
reference azimuth. A transmitting section 103 has a modulation/high- 
frequency section 106, an azimuth data decoding section 107, and an 
azimuth control section 108 as shown in FIG. 1 B. The azimuth control 
section 108 is incorporated with a directivity-controllable antenna 
section 104 in order to radiate radio waves having the directivity in a 
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designated direction. In other words, the azimuth data decoding 
section 107 decodes codes indicative of the designated azimuth 
included in the azimuth designation signal to generate a control signal 
to control the azimuth control section 108 so as to radiate the radio 
5 waves in the decoded azimuth. The modulation/high-frequency section 
106 frequency-converts the azimuth designation signal generated by 
the azimuth designation signal generating section 102 into a radio 
frequency band and then supplies the converted signal to the antenna 
section 104 through the azimuth control section 108. The emitted 

io azimuth designation signal is a signal indicating that the signal should 
be emitted in a predetermined azimuth. For example, in order to 
discriminate the azimuth designation signal from a data signal, the 
signal may have a predetermined code or can be set to a 
predetermined frequency. 

15 Subsequently, the terminal station will now be described with 

reference to FIG. 2. FIG. 2 is a block diagram showing a constitution 
of the terminal station according to the first embodiment of the present 
invention. The terminal station receives the azimuth designation 
signals transmitted from the reference stations or other terminal 

20 stations. A receiving section 202 frequency-converts the azimuth 

designation signal received from an antenna 201 and then outputs the 
frequency-converted signal to an arrival direction obtaining section 203. 
The arrival direction obtaining section 203 obtains the arrival direction 
of the azimuth designation signal. 

25 A transmitting direction forming section 204 determines the 

direction opposite to the arrival direction obtained by the arrival 



direction obtaining section 203, namely, the direction obtained by 
rotating the obtained arrival direction by 180° as a transmitting 
direction. A reference azimuth detecting section 207 detects the 
transmitting direction determined by the transmitting direction forming 
section 204 as the reference azimuth. An azimuth designation signal 
generating section 205 multiplies a transmission signal by a weight 
calculated using the fit algorithm such as LMS algorithm or RLS 
algorithm to generate an azimuth designation signal to radiate radio 
waves having the directivity in the transmitting direction determined by 
the transmitting direction forming section 204. A transmitting section 
206 has a constitution similar to that of the foregoing transmitting 
section 103 shown in FIG. 1B. The transmitting section 206 frequency- 
converts the azimuth designation signal into a radio frequency band, 
amplifies an electric power of the converted signal to a predetermined 
transmission electric power so as to have directivity in the designated 
direction, and then transmits the resultant signal from the antenna 201 . 

In this instance, the radio communication system according to 
the first embodiment of the present invention will now be described 
with reference to FIG. 3. FIG. 3 is a diagram schematically showing 
the radio communication system according to the first embodiment of 
the present invention. 

The reference stations each shown in FIG. 1 are arranged 
intentionally so as to be distributed in a service area as a coverage of 
the radio communication system according to the first embodiment of 
the present invention. FIG. 3 shows reference stations 301 to 306 
among the reference stations arranged in the service area of the 
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system. Each of the reference stations 301 to 306 forms directivity in 
the reference azimuth and transmits an azimuth designation signal. In 
the present description, the azimuth designation signal transmitted by 
the reference station may be called a "reference station signal". 
5 Actually, each of the reference stations 301 to 306 has a directive lobe 
in a range of angle spread, where the reference azimuth is set at the 
center, because of the limit of an accuracy of an AAA technology. In 
FIG. 3, a direction from bottom to top in the diagram is set to the 
reference azimuth. The reference azimuth is previously set by the 

io system. Any azimuth can be set to the reference azimuth. In order to 
simplify the description, the present embodiment will be explained with 
respect to a case where the reference azimuth is set to "the north". All 
of the reference stations and the terminal stations included in the 
system have known the azimuth set as the reference azimuth. 

15 The terminal station shown in FIG. 2 is a mobile terminal unit 

which freely moves in the service area of the system or a fixed terminal 
unit installed fixedly in the service area. In FIG. 3, each of terminal 
stations 307 to 316 obtains the arrival direction of the azimuth 
designation signal transmitted from the reference station (or another 

20 terminal station), forms directivity in the direction opposite to the arrival 
direction, and then transmits an azimuth designation signal. In the 
present description, the azimuth designation signal transmitted by the 
terminal station may be called a "terminal station signal". Since the 
azimuth designation signal is transmitted toward the reference azimuth, 

25 the terminal stations 307 to 316 transmit the azimuth designation 
signals toward the reference azimuth within a range of errors in the 
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accuracy of acquisition of the arrival direction and the accuracy of the 
directivity formed in the transmitting direction. When the antenna 104 
is an adaptive antenna array, the arrival direction of the foregoing 
azimuth designation signal can be obtained by an arithmetic operation 
5 to combine vectors indicating electric powers received by elements. 

As a result, all of the reference stations 301 to 306 and all of the 
terminal stations 307 to 316 included in the radio communication 
system according to the present embodiment transmit the azimuth 
designation signals toward the reference azimuth. Namely, the 

io azimuth designation signals are transmitted toward the reference 

azimuth from all of points in the coverage of the radio communication 
system according to the present embodiment. In other words, in the 
radio communication system according to the present embodiment, the 
stations (namely, the reference stations and the terminal stations) 

15 included in the system transmit the azimuth designation signals toward 
the reference azimuth, thereby forming a uniform field (hereinbelow, 
referred to as a "directive field") to specify the transmitting direction of 
the azimuth designation signal in the system. In the directive field, the 
terminal stations 307 to 316 can recognize the reference azimuth in a 

20 manner similar to a case where a compass needle points to an azimuth 
due to a magnetic field of the earth. 

In this instance, when it is assumed that the terminal station 307 
is a mobile terminal unit and the terminal station 308 is a fixed terminal 
unit, procedures of obtaining azimuth information in these terminal 

2 5 stations will now be described. First, the procedure in the mobile 
terminal unit 307 will be described. 
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When moving in the service area of the radio communication 
system according to the present embodiment, the mobile terminal unit 
307 receives an azimuth designation signal and obtains an arrival 
direction of the received azimuth designation signal. The mobile 
terminal unit 307 detects the direction opposite to the obtained arrival 
direction, namely, the direction obtained by rotating the arrival direction 
by 180° as a reference azimuth. The mobile terminal unit 307 always 
obtains azimuth information as mentioned above. Accordingly, even if 
the mobile terminal unit 307 changes its own orientation, the unit 307 
can obtain azimuth information. 

The procedure of obtaining the azimuth information will now be 
described specifically with reference to FIG. 12. First, in the mobile 
terminal unit 307, the reference azimuth detecting section 207 specifies 
the reference azimuth (in this case, "the north") on the basis of the 
azimuth designation signal as mentioned above. In a state in which 
the reference azimuth is specified, namely, in a state in which the 
reference azimuth is specified on the basis of the result of obtaining of 
the arrival direction of the azimuth designation signal, when a signal 
(hereinbelow, referred to as a "data signal") other than the azimuth 
designation signal is received, the arrival direction obtaining section 
203 obtains an arrival direction of the received data signal. A 
difference between the arrival direction of the data signal and the 
arrival direction of the azimuth designation signal is detected, so that 
an "azimuth" in which the received signal has come can be specified. 
Information indicative of the "azimuth" specified in this manner is called 
"azimuth information". 
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For example, in FIG. 12, as an arrival direction of a data signal 
1201 , a value deviated from the arrival direction obtaining result of the 
azimuth designation signal by 45° toward "the east" is obtained. 
Consequently, the mobile terminal unit 307 can specify an azimuth, in 
5 which the data signal has come, to "the southeast" that is deviated 
from "the south" by 45° toward the east on the basis of the arrival 
direction (in this case, "the south") of the known azimuth designation 
signal. 

On the other hand, the fixed terminal unit 308 receives an 

io azimuth designation signal and then obtains an arrival direction of the 
received azimuth designation signal. The fixed terminal unit 308 can 
detect the direction opposite to the obtained arrival direction, namely, 
the direction obtained by rotating the arrival direction by 180° as a 
reference azimuth. Ordinarily, the orientation of the fixed terminal unit 

15 308 does not change from that in the installation state. Accordingly, 
the fixed terminal unit 308 can perform various processings using 
azimuth information obtained as mentioned above. 

The direction in which the reference azimuth is set will now be 
described with reference to FIG. 4. FIG. 4 is a diagram showing an 

20 outline of the radio communication system according to the first 

embodiment of the present invention. In FIG. 4, reference stations 402 
to 41 1 are arranged in an elliptic service area 401 . In such a radio 
communication system, preferably, the reference azimuth is set in a 
direction in which the terminal stations included in the system can 

25 receive azimuth designation signals as much as possible, namely, the 
longitudinal direction of the service area. Since the service area 401 is 




an ellipse, the reference azimuth is set in the longitudinal direction of 
the ellipse. Consequently, the number of azimuth designation signals 
to be received by the terminal stations included in the system can be 
larger than that in the case where the reference azimuth is set in 
5 another direction. 

As mentioned above, it is preferable that the reference azimuth 
be set in the longitudinal direction in the service area, which the radio 
communication system according to the present embodiment can 
provide. In situations where the service area covers the whole country 

10 of Japan, in consideration of such a fact that the country of Japan 
extends from the south-southwest to the north-northeast, it is 
preferable that the reference azimuth be set to the north-northeast or 
the south-southeast. 

When the service area is formed along a road, it is preferable 

15 that the reference azimuth be set in a direction along the road. The 
reference azimuth set in the case where the service area is formed 
along the road will be explained with reference to FIG. 17. As shown in 
FIG. 17, in situations where a service area 1705 is formed along a road 
1701, the reference azimuth is set along the road. Consequently, the 

20 reference azimuth is set along the service area. 

In order to set the reference azimuth along the road, reference 
stations are arranged along the road and each arranged reference 
station sets a direction (namely, the reference azimuth) of transmission 
of the azimuth designation signal along the road. The transmitting 

25 direction of the azimuth designation signal in the reference station is 
set when the reference station is installed. Referring to FIG. 17, 
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reference stations 1702 to 1704 are placed along the road at 
predetermined intervals. Each reference station sets the reference 
azimuth in a direction along the road. For example, the reference 
station 1702 sets the reference azimuth in the direction along the road, 
5 namely, the direction from the lower left to the upper right of the 
diagram. 

As mentioned above, in the radio communication system 
according to the present embodiment, each of the reference stations 
301 to 306 included in the system transmits the azimuth designation 

io signal toward the reference azimuth, and each of the terminal stations 
307 to 316 included in the system obtains the arrival direction of the 
azimuth designation signal and then transmits the azimuth designation 
signal in the direction opposite to the obtained arrival direction. In this 
case, since the azimuth designation signal transmitted from the 

15 reference station is transmitted toward the reference azimuth, the 

terminal station receives the azimuth designation signal in the direction 
opposite to the reference azimuth and then transmits the azimuth 
designation signal in the direction opposite to the receiving direction, 
namely, the direction that is the same as the reference azimuth. In this 

20 manner, the reference stations and the terminal stations included in the 
radio communication system according to the present embodiment 
transmit the azimuth designation signals toward the reference azimuth. 
Accordingly, each of the terminal stations 307 to 316 (and the 
reference stations 301 to 306, if necessary) obtains the arrival direction 

25 of the azimuth designation signal, transmitted toward the reference 

azimuth, to specify the reference azimuth. Consequently, each station 
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can obtain azimuth information. In other words, in the radio 
communication system according to the present embodiment, each 
terminal station transmits the azimuth designation signal toward the 
reference azimuth, thereby independently and distributedly 
5 constructing a system to obtain the azimuth information. 

As mentioned above, since the terminal stations 307 to 316 
according to the present embodiment can obtain azimuth information 
without any GPS receiver or any gyro, the constitution of the unit can 
be miniaturized and a manufacturing cost of the unit can be reduced. 

io The reference stations 301 to 306 are intentionally arranged in 

the coverage of the radio communication system according to the 
present embodiment. Accordingly, the terminal station 307 serving as 
a mobile terminal unit receives the azimuth designation signal pointing 
toward the reference azimuth in the whole coverage and then obtains 

15 azimuth information. Thus, the terminal station 307 can communicate 
on the basis of the obtained azimuth information. The radio 
communication system can meet a demand for mobile communication 
to realize communications "anywhere anytime". 
(Second Embodiment) 

20 According to the present embodiment, a transmitting direction of 

an azimuth designation signal is controlled three-dimensionally. 
Specifically, a predetermined reference plane is detected three- 
dimensionally. The transmitting direction of the azimuth designation 
signal is controlled with reference to the detected reference plane. In a 

25 radio communication system according to the present embodiment, the 
constitution of the terminal station in the first embodiment is partially 
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modified. FIG. 5 is a block diagram showing a constitution of a 
terminal station according to the second embodiment of the present 
invention. In FIG. 5, the same reference numerals designate the same 
components as those in FIG. 2 according to the first embodiment and 
5 the description is omitted. 

A horizontal plane detecting section 501 detects a horizontal 
plane. The transmitting direction forming section 204 determines a 
transmitting direction in a vertical plane in consideration of the 
horizontal plane detected by the horizontal plane detecting section 501 . 

io For example, when an azimuth designation signal comes in a direction 
of an elevation angle of 30° with respect to the horizontal plane, the 
transmitting direction is also set to the elevation angle of 30°. The 
horizontal plane detecting section 501 can also detect the horizontal 
plane on the basis of information held by the local information holding 

15 section 101 provided for the reference station shown in FIG. 1 . In this 
case, the horizontal plane detecting section 501 obtains information 
regarding a horizontal plane from the reference station to detect the 
horizontal plane. 

The transmitting direction determined by the transmitting 

20 direction forming section 204 will now be described with reference to 
FIG. 6. FIG. 6 is a diagram explaining the transmitting direction of the 
azimuth designation signal in the second embodiment of the present 
invention. FIG. 6 illustrates a case where waves (an azimuth 
designation signal) to be transmitted are transmitted toward "the north" 

25 on the basis of the received waves (an azimuth designation signal) 

which have come from "the south". The transmitting direction forming 
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section 204 sets the transmitting direction in the horizontal plane on 
the basis of the arrival direction of the received waves in a manner 
similar to the first embodiment, and also sets the transmitting direction 
in the vertical plane on the basis of a planar direction on the horizontal 
5 plane detected by the horizontal plane detecting section 501. For 
instance, the transmitting direction is determined so that the elevation 
angle on the horizontal plane of the received waves is equivalent to the 
elevation angle on the horizontal plane of the transmitted waves. 
Specifically, when the elevation angle of the received waves indicates 

io 30°, the transmitting direction on the horizontal plane is set in the 

direction opposite to the arrival direction on the horizontal plane of the 
received waves by 180° and the transmitting direction on the vertical 
plane is set in a direction in which the elevation angle is 30°. The 
transmitting direction forming section 204 may determine a direction 

15 parallel to the detected horizontal plane as the transmitting direction on 
the vertical plane. 

As mentioned above, according to the present embodiment, the 
horizontal plane detecting section 501 detects the horizontal plane, so 
that the transmitting direction of the azimuth designation signal can be 

20 determined in consideration of the vertical direction. Consequently, the 
azimuth can be detected more accurately. 
(Third Embodiment) 

According to the present embodiment, the operation of a 
terminal station which receives a plurality of azimuth designation 
25 signals will now be described. In a radio communication system 

according to the present embodiment, the constitution of the terminal 



station according to the first embodiment is partially modified. FIG. 7 is 
a block diagram showing a constitution of the terminal station 
according to the third embodiment of the present invention. In addition 
to the components of the terminal station shown in FIG. 2, the terminal 
station shown in FIG. 7 has a separating section 701 for separating a 
received signal into an azimuth designation signal and priority 
information and a priority determining section 702 for weighting in 
consideration of the priority information to determine a transmitting 
direction of the azimuth designation signal. In FIG. 7, the same 
components as those in FIG. 2 are designated by the same reference 
numerals as those in FIG. 2 and the description is omitted. 

Each of reference stations and the terminal stations according to 
the present embodiment adds the priority information to the azimuth 
designation signal and then transmits the resultant signal. Specifically, 
each reference station adds a known bit indicating that the azimuth 
designation signal is transmitted from the reference station to the 
corresponding signal and then transmits the resultant signal. Each 
terminal station adds another kind of known bit indicating that the 
azimuth designation signal is transmitted from the terminal station to 
the corresponding signal and then transmits the resultant signal. 

The antenna 201 receives the azimuth designation signals with 
the priority information transmitted from the reference station and the 
terminal station as mentioned above. The receiving section 202 
frequency-converts the received signals and then outputs the 
converted signals to the separating section 701 . The separating 
section 701 separates each received signal into the azimuth 



designation signal and the priority information serving as the known bit. 
Then, the separating section 701 outputs two kinds of separated 
azimuth designation signals to the arrival direction obtaining section 
203 and outputs two kinds of separated priority information to the 
5 priority determining section 702. The arrival direction obtaining section 
203 calculates the arrival directions of a plurality of azimuth 
designation signals, namely, the azimuth designation signal from the 
reference station and the azimuth designation signal from the terminal 
station, and then inputs the result of calculation to the priority 
io determining section 702. 

The priority determining section 702 determines priority for each 
received azimuth designation signal with reference to the priority 
information and then weights the arrival direction obtained by the 
arrival direction obtaining section 203 from each azimuth designation 
15 signal considering the determined priority. When the azimuth 

designation signals are transmitted from the reference station and the 
terminal station, the priority of the azimuth designation signal 
transmitted from the reference station is higher than that of the azimuth 
designation signal transmitted from the terminal station. The 
20 transmitting direction forming section 204 forms the transmitting 

direction of the azimuth designation signal on the basis of the arrival 
direction weighted according to the priority by the priority determining 
section 702. As mentioned above, the priority determining section 702 
weights the arrival direction according to the priority information to 
25 determine the transmitting direction of the azimuth designation signal. 

In this instance, an example of a procedure of determining the 



arrival direction in the priority determining section 702 will now be 
described with reference to FIG. 9. FIG. 9 is a diagram explaining the 
arrival direction determined in consideration of the priority. In this 
instance, a case where the terminal station receives two kinds of 
azimuth designation signals, namely, the azimuth designation signal 
transmitted from the reference station and the azimuth designation 
signal from another terminal station will now be explained as an 
example. 

In FIG. 9, a reference station signal vector 901 is a vector 
indicative of the azimuth designation signal transmitted from the 
reference station. In the reference station signal vector 901 , its 
magnitude expresses priority A obtained on the basis of the priority 
information transmitted from the reference station and an angle with 
respect to the x axis expresses an arrival direction 6 ^ of the azimuth 
designation signal transmitted from the reference station, the arrival 
direction being obtained by the arrival direction obtaining section 203. 
A terminal station signal vector 902 is a vector indicative of the azimuth 
designation signal transmitted from the terminal station. In the terminal 
station signal vector 902, its magnitude expresses priority B obtained 
on the basis of the priority information transmitted from the terminal 
station and an angle with respect to the x axis expresses an arrival 
direction 0 z of the azimuth designation signal transmitted from the 
terminal station, the arrival direction being obtained by the arrival 
direction obtaining section 203. The priority determining section 702 
determines the priority so that the priority of the azimuth designation 
signal transmitted from the reference station is higher than that of the 
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azimuth designation signal transmitted from the terminal station. Thus, 
A > B. 

The priority determining section 702 adds information, which 
indicates a magnitude obtained on referring to the priority information 
5 outputted from the separating section 701 , to arrival directional 
information, which is outputted from the arrival direction obtaining 
section 203 and which indicates an angle, thereby expressing each 
received azimuth designation signal as a vector. In consideration of 
such a fact that the accuracy of the arrival direction obtained on the 

io basis of the azimuth designation signal transmitted from the reference 
station is higher than that of the arrival direction obtained on the basis 
of the azimuth designation signal from the terminal station, the priority 
determining section 702 sets the reference station signal vector 901 to 
be larger than the terminal station signal vector 902. 

15 The priority determining section 702 combines the reference 

station signal vector 901 and the terminal station signal vector 902 
formed as mentioned above to form a combined vector 903. The 
transmitting direction forming section 204 recognizes an angle © 3 
defined between the combined vector 903 and the x axis as an arrival 

20 direction and then forms an azimuth designation signal having 
directivity in the direction opposite to the arrival direction. 

As mentioned above, according to the present embodiment, the 
priority determining section 702 sets the priority (namely, "A") of the 
arrival directional information formed on the basis of the azimuth 

2 5 designation signal, which is accurately transmitted from the reference 
station toward the reference azimuth, to be higher than the priority 
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(namely, "B") of the arrival directional information formed on the basis 
of the azimuth designation signal transmitted from the terminal station 
among the plurality of received azimuth designation signals, thereby 
weighting the arrival direction of the azimuth designation signal having 
5 high accuracy from the reference station. Thus, the priority 

determining section 702 can determine the transmitting direction of the 
azimuth designation signal. In this manner, the arrival direction is 
weighted depending on a transmission source of the azimuth 
designation signal to determine the arrival direction of the azimuth 
io designation signal, so that the arrival direction can be determined with 
high accuracy. 

(Fourth Embodiment) 

According to the present embodiment, a method for determining 
an arrival direction of an azimuth designation signal when a plurality of 

is azimuth designation signals are received will be further described. In a 
radio communication system according to the present embodiment, the 
constitution of the terminal station according to the first embodiment is 
partially modified. FIG. 8 is a block diagram showing a constitution of 
a terminal station according to the fourth embodiment of the present 

20 invention. In addition to the components of the terminal station shown 
in FIG. 2, the terminal station shown in FIG. 8 comprises an averaging 
section 801 for averaging the arrival directions of received waves 
obtained by the arrival direction obtaining section 203. In FIG. 8, the 
same components as those in FIG. 2 are designated by the same 

25 reference numerals as those in FIG. 2 and the description is omitted. 

For a plurality of azimuth designation signals transmitted from 
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the antenna 201 and received by the receiving section 202, the arrival 
direction obtaining section 203 obtains the arrival directions of the 
respective signals. The averaging section 801 averages the arrival 
directions of the azimuth designation signals obtained by the arrival 
5 direction obtaining section 203 to obtain the average of the arrival 

directions. The transmitting direction forming section 204 determines a 
direction obtained by rotating a direction represented by the average of 
the arrival directions by 180° as a transmitting direction. 

As mentioned above, according to the present embodiment, 

io since the arrival direction is obtained on the basis of the average of the 
arrival directions calculated by the averaging section 801, the 
transmitting direction can be determined accurately. Therefore, the 
terminal station can accurately detect an azimuth and also correctly 
transmit the azimuth designation signal toward the reference azimuth. 

15 Accordingly, the accuracy to detect the azimuth can be increased in 
the whole system. 

(Fifth Embodiment) 

According to the reference azimuth detecting method described 
in the above-mentioned embodiments, it is considered that operation 

20 errors in obtaining the arrival directions may be accumulated each time 
transmission is repeated and the transmitting direction of the azimuth 
designation signal may be deviated from the reference azimuth 
because of the accumulation of the errors. According to the present 
embodiment, priority is set to an azimuth designation signal in 

2 5 accordance with the number of transmission times and the azimuth 
designation signal having a small number of transmission times is 
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effectively used to obtain the arrival direction. 

With respect to a case where priority is set in accordance with 
the number of transmission times and an azimuth designation signal is 
then transmitted, two examples will now be described. According to a 
5 first example, a transmission electric power is reduced as much as a 
predetermined amount each time transmission is performed. 
According to a second example, the priority indicated by the priority 
information described in the third embodiment is decreased each time 
transmission is performed. The first example will now be described. 

10 In a radio communication system according to the present 

embodiment, the constitution of the terminal station according to the 
first embodiment is partially modified. A constitution of a terminal 
station according to the present embodiment will now be described with 
reference to FIG. 10. FIG. 10 is a block diagram showing the 

15 constitution of the terminal station according to the fifth embodiment of 
the present invention. In FIG. 10, the same components as those in 
FIG. 2 are designated by the same reference numerals as those in FIG. 
2 and the description is omitted. In the present embodiment, a case 
where the terminal station receives m (m denotes natural number that 

20 is equal to two or larger) azimuth designation signals will be explained 
as an example. 

In the terminal station shown in FIG. 10, the antenna 201 
receives azimuth designation signals transmitted from the reference 
stations or the other terminal stations, the receiving section 202 

25 frequency-converts the received signals and then outputs the 

converted signals to the arrival direction obtaining section 203 and a 
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received electric power measuring section 1002. The received electric 
power measuring section 1002 measures received electric powers of 
the respective received azimuth designation signals and then outputs 
the result of measurement to the arrival direction obtaining section 203. 
5 The arrival direction obtaining section 203 obtains the arrival 

directions of the respective azimuth designation signals and then 
outputs the result of obtaining to the transmitting direction forming 
section 204. The arrival direction obtaining section 203 forms a vector 
in which its magnitude indicates each reception electric power 

io measured by the received electric power measuring section 1002 and 
its angle indicates each obtained arrival direction, and then combines 
the formed vectors. The transmitting direction forming section 204 
determines an angle represented by the combined vector as the arrival 
direction of the azimuth designation signal and then obtains azimuth 

is information on the basis of the arrival direction. 

The transmitting direction forming section 204 outputs the angle 
of the formed combined vector as the arrival direction to the azimuth 
designation signal generating section 205 and also outputs the 
magnitude of the formed combined vector as electric power information 

20 to a priority adding section 1 001 . 

The transmitting direction forming section 204 sets the 
transmitting directions of the respective azimuth designation signals on 
the basis of the obtained arrival directions. The azimuth designation 
signal generating section 205 generates azimuth designation signals 

25 having directivities in the respective transmitting directions set by the 
transmitting direction forming section 204 and then outputs the 
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generated signals to the priority adding section 1001 . 

The priority adding section 1001 adds a value obtained by a 
vector operation as priority to each of the azimuth designation signals 
generated by the azimuth designation signal generating section 205. 
Specifically, the azimuth designation signal generated by the azimuth 
designation signal generating section 205 is expressed by an azimuth 
designation signal vector Vn in which its magnitude indicates the 
reception electric power according to the electric power information 
outputted from the transmitting direction forming section 204 and its 
angle indicates the transmitting direction set by the transmitting 
direction forming section 204. A coefficient of priority decrease that 
occurs each time the transmission is repeated once is expressed by 
reference symbol a and the number of radio waves is expressed by 
reference symbol m. Then, a vector operation expressed by 
Expression 1 is performed. The magnitude of a vector obtained by 
performing the operation expressed by Expression 1 is determined as a 
magnitude of the azimuth designation signal and the angle indicated by 
the vector is determined as the transmitting direction of the azimuth 
designation signal. 



The priority adding section 1001 generates an azimuth 
designation signal so as to have directivity in the determined 
transmitting direction and then outputs the generated azimuth 
designation signal to the transmitting section 206. The priority adding 
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section 1001 controls the transmitting section 206 so that the 
magnitude of the azimuth designation signal determined as mentioned 
above denotes the transmission electric power. The transmitting 
section 206 transmits the azimuth designation signal with the 
5 transmission electric power according to the control of the priority 
adding section 1001 . 

The combined vector obtained by performing the operation 
represented by Expression 1 is decreased at a rate oc each time the 
azimuth designation signal is transmitted. Therefore, as the number of 

io transmission times is larger, the transmission electric power of the 
azimuth designation signal is smaller. 

Subsequently, the second example will now be described. As 
mentioned above, according to the second example, the priority 
indicated by the priority information described in the third embodiment 

15 is decreased each time transmission is performed. As described in the 
third embodiment, the priority information indicative of the priority A is 
added to the azimuth designation signal transmitted from the reference 
station and the priority B is added to the azimuth designation signal 
transmitted from the terminal station (A > B as mentioned above). FIG. 

20 18 shows a constitution of a terminal station realizing the second 

example. The terminal station shown in FIG. 18 further has the priority 
adding section 1001 in addition to the components of the terminal 
station shown in FIG. 7. In FIG. 18, the same components as those in 
FIGS. 7 and 10 are designated by the same reference numerals and 

2 5 the detailed description is omitted. 

In the terminal station shown in FIG. 18, the priority adding 
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section 1001 decreases the priority indicated by the priority information 
added to the received azimuth designation signal as much as a 
predetermined amount and then adds new priority information 
indicative of the decreased priority to the azimuth designation signal. 
5 For example, when an azimuth designation signal with priority 

information indicative of the priority B is received, the transmitting 
direction forming section 204 determines a transmitting direction on the 
basis of the received azimuth designation signal. Further, the azimuth 
designation signal generating section 205 generates an azimuth 

io designation signal having directivity in the transmitting direction 

determined by the transmitting direction forming section 204. The 
priority adding section 1001 adds priority information indicative of 
priority B\ which is obtained by decreasing the priority B upon 
reception as much as the predetermined amount, to the azimuth 

15 designation signal generated by the azimuth designation signal 

generating section 205 and then outputs the resultant signal to the 
transmitting section 206. 

Consequently, the priority is decreased by the predetermined 
amount each time the azimuth designation signal is transmitted. In the 

20 terminal station which receives this azimuth designation signal, the 
priority determining section 702 weights the received signal in 
accordance with the priority indicated by the priority information. 
Consequently, the reference azimuth can be specified by effectively 
using the azimuth designation signal with the small number of 

25 transmission times. 

As mentioned above, according to the present embodiment, the 
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transmission electric power is reduced each time the azimuth 
designation signal is transmitted. Accordingly, for the azimuth 
designation signal to be received by the terminal station, as the 
number of transmission times is smaller, higher reception electric 
5 power is obtained. When the terminal station receives a plurality of 
azimuth designation signals having different reception electric powers 
according to the number of transmission times, the arrival direction 
obtaining section 203 provided for the terminal station weights the 
received azimuth designation signals in accordance with the respective 

10 reception electric powers. Namely, the arrival direction obtaining 

section 203 forms vectors in each of which the magnitude indicates the 
reception electric power and the angle indicates the obtained arrival 
direction with respect to each azimuth designation signal, and 
combines the formed vectors. Consequently, the arrival direction is 

15 determined. Therefore, according to the present embodiment, a 

deviation in the transmitting direction from the reference azimuth can 
be reduced, the deviation being caused by repeating the transmission 
of the azimuth designation signal. 

According to the present embodiment, the transmission electric 

20 power is controlled in accordance with the number of transmission 

times of the azimuth designation signal to set the priority according to 
the number of transmission times. However, a method for setting the 
priority is not restricted by the control of the transmission electric 
power. In other words, the priority may be set in accordance with the 

25 quality of communication. Because it is considered that as the 
communication quality is higher, the deviation in the transmitting 
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direction from the reference azimuth is smaller as in the case where as 
the number of transmission times is smaller, the deviation in the 
transmitting direction from the reference azimuth is smaller. 
(Sixth Embodiment) 
5 According to the present embodiment, a case where the number 

of transmission times of an azimuth designation signal is added as 
priority information will be described. First, for an azimuth designation 
signal transmitted from a reference station, a terminal station obtains 
an arrival direction and then sets a transmitting direction on the basis 

io of the obtained arrival direction and, after that, again transmits the 

resultant signal. The azimuth designation signal transmitted from the 
terminal station is received by another terminal station. The other 
terminal station similarly transmits the signal. As mentioned above, the 
azimuth designation signal is first transmitted from the reference 

15 station and, after that, the signal is again transmitted by the terminal 
station. 

According to the present embodiment, the number of 
transmission times is added as priority information to the azimuth 
designation signal. That is, the reference station adds priority 

20 information indicating such a fact that it is first transmission to the 

azimuth designation signal and then transmits the resultant signal. The 
terminal station, which receives the azimuth designation signal to 
which the priority information indicating the fact that it was the first 
transmission has been added, sets a transmitting direction, adds 

25 priority information indicating such a fact that it is second transmission 
to the signal, and then transmits the resultant azimuth designation 
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signal. In the same way, the terminal station, which receives an 
azimuth designation signal to which priority information indicating such 
a fact that it is Kth transmission has been added, adds priority 
information indicating such a fact that it is (K+1)th transmission to the 
5 azimuth designation signal and then transmits the resultant signal. 
When a plurality of azimuth designation signals are used, a value 
obtained by averaging the number of transmission times of the plurality 
of azimuth designation signals is calculated as the temporary number 
of transmission times and the calculated temporary number of 
10 transmission times is added as priority information. 

In this instance, a method for determining an arrival direction in 
the terminal station according to the present embodiment will now be 
described. In the present embodiment, conditions other than the 
method for determining the arrival direction are the same as those of 
15 the third embodiment. The present embodiment will now be described 
with reference to FIG. 7 in a manner similar to the third embodiment. 

The antenna 201 receives azimuth designation signals which are 
transmitted from the reference station and the terminal station and 
each of which priority information is added to. The receiving section 
20 202 frequency-converts the signals and then outputs the resultant 
signals to the separating section 701. The separating section 701 
separates each received signal into the azimuth designation signal and 
the priority information, outputs the separated azimuth designation 
signal to the arrival direction obtaining section 203, and outputs the 
25 separated priority information to the priority determining section 702. 
The arrival direction obtaining section 203 calculates the arrival 
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directions of the plurality of azimuth designation signals, namely, the 
azimuth designation signal from the reference station and the azimuth 
designation signal from the terminal station, and then inputs the result 
of calculation to the priority determining section 702. 

The priority determining section 702 weights each of the arrival 
direction of the azimuth designation signal from the reference station 
and the arrival direction of the azimuth designation signal from the 
terminal station outputted from the arrival direction obtaining section 
203 in accordance with the priorities with reference to the priority 
information outputted from the separating section, thereby determining 
the arrival direction. Specifically, the priority determining section 702 
represents the azimuth designation signals transmitted from the 
reference station and the terminal station as vectors in each of which 
its magnitude denotes the priority and its angle denotes the obtained 
arrival direction, and performs vector addition with respect to the 
azimuth designation signals expressed by the vectors. When it is 
assumed that the azimuth designation signal expressed by the vector 
is represented by Vn, the number of received azimuth designation 
signals Vn is represented by m, and a priority decreasing rate in case 
of Kn-time transfer is represented by P(Kn), in the priority determining 
section 702, vector addition expressed by Expression 2 is performed. 



m 

The priority determining section 702 outputs a negative direction 
of the added vector obtained by the operation expressed by Expression 




(2) 
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2 as the arrival direction to the transmitting direction forming section 
204. The transmitting direction forming section 204 sets a direction 
obtained by rotating the arrival direction determined by the priority 
determining section 702 by 180° as a transmitting direction. The 
5 priority determining section 702 obtains Kn 1 by averaging the number of 
transmission times Kn and then adds this Kn* as priority information to 
the azimuth designation signal. 

As mentioned above, according to the present embodiment, the 
arrival direction is obtained by weighting in accordance with the 
io number of transmission times of the azimuth designation signal, so that 
a reference azimuth can be specified more accurately. 
(Seventh Embodiment) 

According to the present embodiment, a case where a radio 
communication terminal unit such as a cellular phone, a PHS (Personal 
15 Handy-phone System), or a wireless LAN (Local Area Network) is used 
as a terminal station according to the foregoing respective 
embodiments will be described. According to the present embodiment, 
prevention of interference between a channel (hereinbelow, referred to 
as an "azimuth designation channel") used by azimuth designation 
20 signals and another communication channel is realized. 

According to the present embodiment, the interference is 
prevented by the following one or a plurality means. 

(1) Frequency division is performed for the azimuth designation 
channel and the other communication channel. In other words, the 
25 azimuth designation signal and another signal transmitted through the 
other communication channel are superimposed on carrier frequencies 
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having different frequency bands and are then transmitted. 

(2) Code division is performed for the azimuth designation 
channel and the other communication channel. In other words, a 
spread processing is performed to the azimuth designation signal and 
another signal transmitted through the other communication channel 
using different spread codes. 

(3) Time division is performed for the azimuth designation 
channel and the other communication channel. In other words, the 
azimuth designation signal and another signal transmitted through the 
other communication channel are transmitted one after the other with 
respect to time. 

(4) The azimuth designation signal is allocated to one of sub 
carriers in OFDM (Orthogonal Frequency Division Multiplexing). 

As mentioned above, according to the present embodiment, the 
radio communication terminal unit which can obtain azimuth 
information with a simple constitution can be provided. Particularly, 
when the means described in (2) to (4) are used, a receiver provided 
for a conventional radio communication terminal unit can also be used 
as a receiver for the azimuth designation signal. Consequently, the 
constitution of the unit can be miniaturized. 

(Eighth Embodiment) 

The radio communication system described in any of the 
foregoing first to seventh embodiments is applied to an ad hoc network. 
The ad hoc network is a network in which terminal units are connected 
to each other through a radio channel. In the ad hoc network including 
a mobile terminal unit, since a position of the mobile terminal unit 
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varies, a bearing of a fixed terminal unit observed from the mobile 
terminal unit (or a bearing of another mobile terminal unit observed 
from the present mobile terminal unit) is unclear. It is considered that 
communication may not be performed appropriately. According to the 
5 present embodiment, the mobile terminal unit (namely, the terminal 
station) explained in any of the above first to seventh embodiments is 
mounted on a terminal unit in the ad hoc network to enable to specify a 
communication partner's bearing. 

FIG. 1 1 is a diagram explaining a schematic constitution of the 

io ad hoc network according to the eighth embodiment of the present 
invention. The ad hoc network can realize communication within a 
range of a service area 1 100. The ad hoc network comprises a mobile 
terminal unit 1101, which can freely moves, and fixed terminal units 
1 1 02 to 1 1 04 fixed at setup positions. The mobile terminal unit 1101 

15 and the fixed terminal units 1102 to 1104 are communication units 
each functioning as the terminal station according to the first 
embodiment. 

Each of communication units (including the mobile terminal unit 
1 1 01 and the fixed terminal units 1 1 02 to 11 04) included in the ad hoc 
20 network transmits an azimuth designation signal toward a 
predetermined reference azimuth (in this case, "the north"). 

The mobile terminal unit 1101 obtains an arrival direction of a 
received azimuth designation signal and obtains azimuth information 
on the basis of the obtained arrival direction. In other words, the 
25 mobile terminal unit 1101 detects a direction obtained by rotating the 
arrival direction of the azimuth designation signal on a horizontal plane 
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by 180° as the reference azimuth. 

The operation in the case where the mobile terminal unit 1 101 
communicates with the fixed terminal unit 1102 will now be described. 
When receiving a signal (hereinbelow, referred to as a "data signal") 
5 other then the azimuth designation signal transmitted from the fixed 
terminal unit 1102, the mobile terminal unit 1101 obtains an arrival 
direction of the received signal, so that the mobile terminal unit 1101 
can detect the bearing of the fixed terminal unit 1 102 observed from 
the unit itself on the basis of a difference between the obtained arrival 

io direction and the detected reference azimuth. In the case shown in 

FIG. 1 1 , since the unit 1 1 01 receives the signal from the fixed terminal 
unit 1102 in a direction deviated from the azimuth designation signal by 
about 90°, the position of the fixed terminal unit 1102 can be specified 
to the east with respect to the unit itself. 

15 Consequently, the mobile terminal unit 1101 can specify the 

bearing of the fixed terminal unit 1102 and then perform radio 
communication therewith. For example, when the fixed terminal unit 
1 102 is a communication partner, directivity of a signal to be 
transmitted is formed toward "the east" and the transmission signal is 

20 then transmitted. Consequently, interference with units other than the 
fixed terminal unit 1102 can be reduced. When the fixed terminal unit 
1 102 is not a communication partner, the directivity of the transmission 
signal is adaptively controlled to form null in the direction toward the 
fixed terminal unit 1 102. Consequently, interference with the fixed 

2 5 terminal unit 1102 can be avoided. 

As mentioned above, according to the present embodiment, 
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since the mobile terminal unit can specify the bearing of the 
communication partner with a simple constitution, the size of the 
mobile communication unit used in the ad hoc network can be reduced 
and the manufacturing cost can be reduced. 
5 (Ninth Embodiment) 

According to the present embodiment, an electric power is 
transmitted using an azimuth designation signal in the radio 
communication system according to the first embodiment. The azimuth 
designation signal is used to obtain an arrival direction. Ordinarily, the 

10 signal is not used to transmit data. Accordingly, the signal is suitable 
for electric power transmission. In the radio communication system 
according to the present embodiment, the constitution of the terminal 
station according to the first embodiment is partially modified. 

FIG. 13 is a block diagram showing a constitution of a terminal 

is station according to the ninth embodiment of the present invention. In 
addition to the components of the terminal station shown in FIG. 2, the 
terminal station shown in FIG. 13 comprises an electric power 
extracting section 1301 for extracting an electric power from a received 
signal and an electric power superimposing section 1302 for 

20 superimposing the electric power on a signal to be transmitted. In FIG. 
13, the same components as those in FIG. 2 are designated by the 
same reference numerals as those in FIG. 2 and the description is 
omitted. 

In the terminal station shown in FIG. 13, an azimuth designation 
2 5 signal received by the antenna 201 is subjected to frequency- 
conversion by the receiving section 202 and is then outputted to the 
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electric power extracting section 1301 . The power extracting section 
1301 extracts an electric field and a magnetic field oscillated by the 
azimuth designation signal outputted from the receiving section 202 as 
an electric power. 

5 The power superimposing section 1302 oscillates the electric 

field and the magnetic field and then superimposes the oscillation on 
an azimuth designation signal to be outputted from the azimuth 
designation signal generating section 205. 

As mentioned above, according to the present embodiment, the 

10 electric power can be transmitted to the terminal station using the 
azimuth designation signal. Accordingly, continuous available time 
derived by charging once extends. The system becomes more 
convenient to the user. 

(Tenth Embodiment) 

15 According to the present embodiment, a charging system for 

charging a terminal station, included in the radio communication 
system described in any of the foregoing embodiments, in 
consideration of the content of a service applied to the terminal station 
will be described. FIG. 14 is a diagram showing a schematic 

20 constitution of the charging system according to the tenth embodiment 
of the present invention. 

A charging management unit 1401 shown in FIG. 14 monitors 
communicating situations of terminal stations 1404-1 to 1404-N and 
charges the stations depending on the communicating situations. The 

25 charging management unit 1401 has a management table 1402 
showing the communicating situations of the respective terminal 



stations. A charge determining section 1403 determines a charge with 
reference to the management table 1402. 

FIG. 15 shows an example of a constitution of the management 
table 1402. As shown in FIG. 15, the management table 1402 relates a 
fact indicating whether an azimuth designation signal has been 
transmitted with each terminal station. When the terminal station 
transmits the azimuth designation signal, the charge determining 
section 1403 releases the terminal station from a charge. When the 
terminal station does not transmit the signal, the charge determining 
section 1403 charges the terminal station. In place of the release from 
the charge, payback or a discount on another communication charge 
may be given to the terminal station which does not transmit the 
azimuth designation signal. 

According to the above-mentioned charging system, when the 
terminal stations 1404-1 to 1404-N transmit the azimuth designation 
signals, they are released from the charge. When the stations do not 
transmit the signals, an electric power to be consumed can be saved. 
In other words, the terminal stations 1404-1 to 1404-N can select a 
profit derived from "the release from the charge" or "the saving of the 
electric power to be consumed". 

When the station transmits the azimuth designation signal, the 
station is released from the charge. Accordingly, the charging system 
according to the present embodiment functions as an incentive to 
transmit the azimuth designation signal for the terminal station. 
Accordingly, the system can hold many transmission sources of the 
azimuth designation signals, resulting in a contribution to smooth 
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running of the system. 

A method for determining a charge in the charge determining 
section 1403 is not limited to the example shown in FIG. 15. For 
example, as shown in FIG. 16, it is possible to charge the terminal 
stations 1404-1 to 1404-N by monitoring the communicating situations 
thereof in more detail. In FIG. 16, in case where the station receives 
an azimuth designation signal to increase azimuth accuracy, the 
station is charged. In case where the station transmits an azimuth 
designation signal to provide azimuth information, payback is 
performed. In addition to the above, in case where the station is 
supplied with an electric power, the station is charged ("+20"). On the 
contrary, when the station provides the electric power, payback is 
performed ("-10"). 

According to each of the foregoing embodiments, there is 
provided the radio communication system in which each station 
transmits the azimuth designation signal toward the reference azimuth, 
so that the reference azimuth can be detected independently and 
distributedly. Even when the system is not an independently 
disctributed system, the present invention can be applied thereto. That 
is, even when each terminal station does not transmit the azimuth 
designation signal, the reference azimuth is detected on the basis of 
the azimuth designation signal transmitted from the reference station, 
so that an absolute azimuth can be detected. 

In the foregoing embodiments, the reference stations and the 
terminal stations radiate the azimuth designation signal in one 
predetermined direction such as the north, and other stations and the 
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terminal stations receive the signal and subsequently radiate the 
azimuth designation signal. It is considered that when errors regarding 
the direction are accumulated, the azimuth may not be grasped 
correctly. As one of preferred embodiments, the radiating direction of 
the azimuth designation signal is not only the predetermined direction 
and a second azimuth designation signal to be radiated in a direction 
different from the above direction is used. In other words, when a first 
azimuth designation signal is radiated northward, a second azimuth 
designation signal is radiated eastward that is deviated from the north 
by 90°, each terminal station receives the two kinds of azimuth 
designation signals, and a processing similar to that of each of the 
foregoing embodiments is performed. Consequently, the accumulated 
errors regarding the azimuth is corrected, so that a correct azimuth can 
be obtained. 

The present invention is not limited to the above embodiments. 
The foregoing embodiments can be appropriately combined and used. 
For instance, the charging system described in the tenth embodiment 
can be applied to the radio communication system according to the 
second embodiment. 

INDUSTRIAL APPLICABILITY 

As mentioned above, according to the present invention, the 
terminal station transmits an azimuth designation signal in the direction 
opposite to an arrival direction of a received azimuth designation signal 
from another station, so that the terminal station can obtain azimuth 
information with a simple constitution. 



